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Summary
Secondary substances occurring in plant-derived products possess 
biological activity and thus may protect human beings from various 
diseases.
The following physical and nutritional properties of three bergamot 
cultivars (Castagnaro, Fantastico and Femminello) were determined 
and compared: pH, titratable acidity, vitamin C, total flavonoids, 
total polyphenols, antocianyn, bioactive molecules and antioxidant 
capacity (ABTS and DPPH assay). The comparison data, were found 
to be statistically different. 
In all juice samples analyzed the highest antioxidant capacity was 
found in Castagnaro juice (64.21% I of DPPH and 1.97% I of ABTS) 
compared to Fantastico (44.48% I of DPPH and 1.83% I of ABTS) 
and Femminello (33.39% I of DPPH and 1.13% I of ABTS). These 
differences could be attributed to the individual characteristics of 
these cultivars.
Introduction
Bergamot “Citrus bergamia Risso”, is a citrus fruit belonging to the 
family Rutaceae, of the genus Citrus.
The origin of bergamot still remains mysterious. This plant has 
been successfully cultivated in Calabria (Italy) since the eighteenth 
century in a small area with the ideal habitat. Production is mostly 
limited to the Ionian Sea coastal areas of the province of Reggio di 
Calabria in Italy, to such an extent that it is a symbol of the entire 
city. Most of the bergamot comes from a short stretch of land 
where the temperature is favourable. It is also grown in southern 
France and in the Côte d’Ivoire for the essential oil and in Antalya in 
southern Turkey for its marmalade. Only three cultivars are com-
mercially cultivated: “Castagnaro”, Femminello” and “Fantastico”. 
Formerly, Femminello and Castagnaro made up virtually all 
commercial plantings but they have largely been replaced by 
Fantastico, a hybrid of Femminello and Castagnaro.
The fruit is not generally grown for juice consumption, which, in 
contrast to that from other citrus fruits, is considered a waste pro-
duct of the essential oil production; it has not found a real use in the 
food industries until now because of its bitter taste.
In the past, bergamot was largely grown for the cosmetics and 
perfume industries, since its essential oil is rich in terpenes, esters 
and alcohols which have a characteristically intense fragrance.
In recent years, the beneficial properties of bergamot juice have been 
raising interest and have been the subject of several recent studies, 
which consider the potential of its health promoting substances (Kim 
et al., 2003; KurowsKa and manthey, 2004; miceli et al., 2007; 
Pernice et al., 2009; mollace et al., 2011; imPellizzeri et al., 
2014; Ferlazzo et al., 2015; Filocamo et al., 2015).
Thanks to growing interest in bioactive, antioxidant compounds 
from alimentary source, bergamot juice has attracted the attention of 
the scientific research, due to its high flavonoid content.
Bergamot presents a unique profile of flavonoids and flavonoid 
glycosides in its juice, such as neoeriocitrin, neohesperidin, naringin, 
narirutin (sicari et al., 2015). Diets rich in flavonoids reduce post-
ischemic miocardiac damage in rats (Facino et al., 1999), coronaric 
damage and the incidence of heart attacks in elderly man (hertog 
et al., 1993).
The major causes of cell damage following oxidative stress are 
reactive oxygen species (ROS). Reactive oxygen species (ROS) are 
produced as a normal product of plant cellular metabolism. Various 
environmental stresses lead to excessive production of ROS causing 
progressive oxidative damage and ultimately cell death (sastre 
et al., 2000).
After ingestion as food the flavanone glycosides are metabolized 
by human intestinal bacterial microflora to the respective aglycone 
(Felgines et al., 2000; matsumoto et al., 2004), which seem to 
possess antioxidant (hirata et al., 2005), anticarcinogenic (shen 
et al., 2004) and anti-inflammatory (rotelli et al., 2003) proper-
ties.
Flavanoids are one of the most widely studied natural antioxidants, 
due to their anti-inflammatory and anti-atherosclerotic properties 
(Balestieri et al., 2003; Jung et al., 2003).
The wide variety and high quantity of flavonoids found in bergamot 
juice may offer new applications for the juice, which until now has 
been largely unexploited.
The aim of this study was to investigate and characterize the bio-
active components of bergamot juices obtained from three cultivars 
Fantastico, Femminello and Castagnaro grown in Calabria (Italy) 
and their antioxidant potential. 
Materials and methods
Chemicals
Folin Ciocalteu’s reagent, ABTS [2, 2’-azinobis (3-ethylbenzothia-
zoline-6-sulfonate)],  2,2-diphenyl-1-picryl hydrazyl (DPPH), 6-Hy-
droxy-2,5,7,8-tetramethyl-2-carboxylic acid, 97% (Trolox) were 
purchased from Sigma-Aldrich Chem. Co. (St. Louis, MO, USA). 
Phenolic acids (gallic, vanillic, caffeic, ferulic, p-coumaric, and 
chlorogenic) were purchased from Sigma-Aldrich Chem. Co. (Mil-
waukee, WI, USA). 
The other phenolic compounds, cyanidin 3-glucoside, narirutin, 
naringin, hesperidin, neohesperidin quercetin, rhamnetin and rutin 
(quercetin-3-O-rutinoside), were supplied by Extrasynthese (Genay-
France). Acetonitrile, formic acid and water, all HPLC grade solvents, 
were obtained from Carlo Erba Reagents (Milano, Italia). All other 
reagents used were of analytical grade.
Samples and fruit juices extraction 
Bergamot fruits of three different cultivars (Tab. 1) were obtained 
from a grower in the south of Italy (province of Reggio Calabria) in 
February 2015. 
The fruits used in the experiments are all from the same area of Bova 
Marina on the Ionian coast of the province of Reggio Calabria, at 
20 - 30 m.a.s.l. The trees were all between 15 - 20 years old and in 
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full production at the time of harvest. All the trees were watered by 
drip-irrigation and subject to the same agricultural practices.
The fruits were harvested at optimum maturity and carefully se-
lected according to uniformity of size and shape, and subsequently 
transported, in a plastic crate to the laboratory. 
Harvesting was conducted at random on 10 trees per cultivar. Five 
(5) fruits per tree were collected, washed and wiped. Juices were 
extracted by cutting the fruit in half and careful hand-squeezing in a 
commercial kitchen juicer. The juices were passed through a strainer 
to remove pulp and seeds. Squeezed juices were centrifuged at 
3000 rpm for 15 min. The supernatant was passed through a 0.45 μm 
filter (Millipore Corporation, Bedford, USA) and was used directly 
for the final samples. The obtained juices were kept at -18 °C until 
analysis. 
Chemical parameters 
Sugar concentration, in terms of °Brix, was measured by using a 
hand refractometer (Atago Co., Tokyo, Japan) with a scale range of 
0 - 32 °Brix.
The suspended solid content was determined in relation to the total 
juice (%, w/w) by centrifuging 45 ml of a pre-weight sample at 
2000 rpm for 20 min; the weight of settled solids was determined 
after removing the supernatant.
The pH was measured in sample juices by pH meter (Basic Model 
20, Crison) and the total titratable acidity (TA) was assessed by 
titration with NaOH (0.1 N) to pH 8.1 and expressed as % citric acid. 
The ascorbic acid content was evaluated using iodometric titration 
with a iodine 0,01 N solution. Results are expressed in mg/100 ml 
of juice.
Total phenols, flavonoids and anthocyanins spectrophotometric 
determination    
Total phenols were estimated colorimetrically by using the Folin-
Ciocalteau method (singleton and rossi, 1965) and results were 
expressed as gallic acid equivalents. An aliquot of 500 μl of juice 
was mixed with  1 ml  of Folin-Ciocalteu reagent and 10 ml of 20% 
Na2CO3. The absorbance was measured at λ = 760 nm using a UV-Vis 
Agilent 8453 spectrophotometer (Agilent Technologies, Italy) after 
2 h in the dark. The results were expressed as gallic acid equivalents 
(GAE) in mg/100 ml. 
Flavonoid content was determined using AlCl3 assay (yoo et al., 
2014). An aliquot of 500 μl of juice was mixed with 300 μl of 5% 
NaNO2. After 5 min, 600 μl of 10%. AlCl3 was added and finally, 
after a further 5 min, 2 ml of 1 M NaOH was added to the mixture. 
The absorbance was measured at λ = 510 nm using a UV-Vis Agilent 
8453 spectrophotometer (Agilent Technologies, Italy). The results 
were expressed as rutin equivalents in mg/100 ml. Anthocyanins 
were estimated by a pH-differential method (nielsen et al., 1991). 
The extract was diluted in a pH 1.0 and pH 4.5 buffer solution. 
Absorbance was measured in a UV-Vis Agilent 8453 (Agilent Tech-
nologies, Italy) spectrophotometer  at 520 and at 700 nm. The ex- 
pression A = [(A520-A700)pH1 - (A520-A700) pH4.5] was used. Results 
were expressed as μg of cyanidin 3-glucoside/ml using 29.600 molar 
extinction coefficient (Fattahi et al., 2009).
Liquid chromatographic analysis of antioxidant compounds
Antioxidant compounds in the different bergamot varieties were 
determined by HPLC/DAD. Analyses were performed on a Knauer 
(Asi Advanced Scientific Instruments, Berlin) system equipped 
with two pumps Smartiline Pump 1000, a Rheodyne injection valve 
(20 μl), a photodiode array detector UV/VIS equipped with a 
semi micro-cell. Data processing data were carried out using Clarity 
Software (Chromatography Station for windows). Compounds were 
separated in a Phenomenex C18 column (250 mm × 4.6 mm, 5 μm).
As la torre et al. (2006) reports, the mobile phase was a gradient 
prepared from formic acid in water (pH = 3, solvent A) and formic 
acid in acetonitrile (pH = 3, solvent B): 0.01 - 20.00 min 5% B iso-
cratic; 20.01 - 50.00 min, 5 - 40% B; 50.01 - 55.00 min, 40 - 95% 
B; 55.01 - 60.00 min 95% B isocratic. The column temperature was 
30 °C and the flow rate was 1.0 ml/min. Samples were filtered 
through a 0.45 mm membrane filter before injection. The injection 
volume was 20 μl.
Peaks were monitored at 280, 254 and 365 nm. The identification 
and quantification of antioxidant compounds were carried out from 
the retention times in comparison with authentic standards. Analyses 
were performed in triplicate. 
DPPH test 
The antioxidant activity was determined using DPPH free radical 
assay (Brand-williams et al., 1995). An aliquot of 2.5 ml of 
0.06 mM DPPH methanolic solution was added to 50 μl of citrus 
juices. The absorbances at t0 and t5 were measured at λ = 515 nm 
using a UV-Vis Agilent 8453 spectrophotometer (Agilent Techno-
logies, Italy). The results were expressed according to the following 
equation:
(%) Inhibition = (1-Af /A0) × 100
where Af = absorbance DPPH fruit juice at t = 5 min and A0 = 
absorbance DPPH (control) at t = 0 min. All tests were run in 
triplicate and the results expressed as means ± standard deviation 
(SD). Trolox was used as a standard antioxidant and juice activity 
was expressed in mM of Trolox equivalents. 
ABTS radical-scavenging assay 
The radical scavenging capacity of the samples for the ABTS 
(2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonate) radical cation 
was determined as described by re et al. (1999). ABTS was gene-
rated by mixing 7 mM of ABTS and K2S2O8 (potassium persulfate) 
140 mM. Followed by storage in the dark at room temperature for 
16 h before use. The mixture was diluted (1:80) with ethanol to give 
an absorbance at 734 nm using the spectrophotometer. Each sample 
was diluted, was allowed to react with fresh ABTS solution (900 
μL), and then the absorbance was measured 6 min after initial mix-
ing. All measurements were performed in triplicate.
Statistical analysis
Each value is the mean of three replicates. Analysis of variance (one-
way ANOVA) was conducted using SPSS version 17.0 for Windows 
(SPSS Inc., Chicago, IL) and the Tukey’s test was used to determine 
any significant difference among all treatments at P < 0.05.
Results and discussion
Significant differences (P < 0.05) were determined among means of 
the three cultivars investigated.
The quality parameters, including pH, Total Soluble Solids (TSS), 
Tab. 1: Bergamot cultivars of fruit juices analyzed.
Species Variety
Citrus × Aurantium Bergamia Castagnaro C
 Fantastico F
 Femminello Fe
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Tab. 4:  Phenolic acid contents of bergamot juice (mg mL-1). Data are ex-
pressed as mean ±RSD (n = 3). Letters represent significant diffe-
rences between samples (p < 0.05); nd means not detected.
 Citrus fruit Gallic acid Vanillic acid Caffeic acid Chlorogenic  
     acid
 C 1.86±0.02a 1.70±0.03a 1.51±0.07a 9.37±0.09a
 F 1.38±0.06b 1.13±0.04b 1.38±0.06b 4.13± 0.07b
 Fe 1.10± 0.04c 0.85±0.04c 0.65±0.1c 3.21± 0.06c
  ** ** ** **
Data expressed as mean ±RSD (n = 3). Letters represent significant differen-
ces between samples (p < 0.05).
nd: not detected
Tab. 2:  TA, TSS, TSS/TA ratio and pH of bergamot juice. Data are expressed 
as mean ±RSD (n = 3). Letters represent significant differences 
between samples (p < 0.05); TA = Total Acidity; TSS = Total Soluble 
Solids.
 Citrus fruit TSS TA pH TSS/TA
   (g 100 mL-1)  
 C 10.70 ± 0.62b 1.03 ± 0.03a 2.84 ± 0.07a 10.38 ± 0.32c
 F 9.40 ± 0.00c 0.76 ± 0.05c 2.77 ± 0.03a 12.36 ± 0.15b
 Fe 11.27 ± 0.76a 0.87 ± 0.04b 2.79 ± 0.03a 12.95 ± 0.27a
  ** ** * **
Total Acidity (TA) and TSS/TA ratio of bergamot juices were shown 
in Tab. 2. These parameters are known to be important for the sensory 
characteristics of fruit (humayun et al., 2014). 
The total anthocyanin contents were from 0.95 μg/mL (Castagnaro) 
to 0.65 μg/100g (Femminello) and 0.67 μg/mL (Fantastico). Castag-
naro was observed to be higher in anthocyanin content compared to 
other cultivars. 
The amounts of total phenols in analyzed juices show significant 
differences between different cultivars (Tab. 3). The highest content 
of this fraction was detected in Castagnaro juice (1.53 mg/mL), while 
the lowest values were detected in Femminello (0.81 mg/mL). 
Tab. 4 shows the phenolic acid contents of the Castagnaro, Fantastico 
and Femminello bergamot juices, expressed by mean (mg/mL). 
Bergamot juice includes gallic acid, caffeic acid, vanillic acid and 
chlorogenic acid. Castagnaro juice showed a higher concentration 
of phenolic acid compared to the other cultivars (9.37 mg/mL of 
chlorogenic acid, 1.86 mg/mL of gallic acid, 1.70 mg/mL of vanillic 
acid and 1.51 mg/mL of caffeic acid). The variation of phenolic 
compounds in the fruits depends on many factors such as the degree 
of maturity at harvest, genetic differences, and environmental con-
ditions, etc.
Tab. 3:  Flavonoids, polyphenols, anthocyanins and ascorbic acid contents of 
bergamot juice. Data are expressed as mean ±RSD (n = 3). Letters 
represent significant differences between samples (p < 0.05).
 Citrus fruit Flavonoid Polyphenol Antocianyn Ascorbic
  Total Total Total  Acid
  mg mL-1 mg mL-1 mg mL-1 mg mL-1
 C 0.34 ± 0.02a 1.53 ± 0.07a 0.95 ± 0.03a 0.92 ± 0.05a
 F 0.21 ± 0.03b 1.35 ± 0.04b 0.68 ± 0.07b 0.74 ± 0.06b
 Fe 0.19 ± 0.02b 0.81 ± 0.02c 0.65 ± 0.03b 0.61 ± 0.04c
  ** ** ** **
The pH of the juice samples were between 2.77 and 2.84. 
Femminello had the highest TSS value (11.27%) whereas Fantastico 
had the lowest value (9.40%). Castagnaro had the highest TA 
value (1.03 g/100 mL) followed by Femminello (0.87 g/100 mL), 
while Fantastico had the lowest value (0.76 g/100 mL). It might be 
presumed that the different pH values of different bergamot cultivars 
might be related to the variation of organic acids.  The TSS/TA ratio 
was also an important parameter, related to quality characteristics 
of citrus fruits, where Femminello had the highest value of TSS/TA 
(12.95), and Castagnaro had the lowest value (10.38).
Bergamot juice is a rich source of vitamin C, which is an important 
antioxidant (miller and rice-evans, 1997) and the concentration 
of vitamin C is also a significant indicator of bergamot juice quality. 
Changes in vitamin C could be a good indicator of enzymatic or 
non-enzymatic degradative reactions taking place during processing 
or storage of the fruit (sKrede, 1996).
As can be seen, Castagnaro juice showed a higher concentration 
of total acidity and ascorbic acid compared to Femminello and 
Fantastico. Concentration of ascorbic acid in cultivars Castagnaro, 
Fantastico and Femminello were found to be 0.92, 0.74 and 0.61 mg/
mL respectively (Tab. 3).
The total anthocyanin (TAC), polyphenol (TPC) and flavonoid (TFC) 
content among the different bergamot cultivars were statistically 
significant, as given in Tab. 3.
Total flavonoids were determined using AlCl3 assay (expressed as 
rutin equivalents), total phenolics were measured by Folin Ciocalteau 
method (expressed as gallic acid equivalents) and total antocianyns 
were estimated by a pH-differential method (expressed as μg of 
cyanidin 3-glucoside/ml). Total flavonoids ranged from 0.19 mg/
mL to 0.34 mg/mL, Castagnaro cultivar had a much higher content 
of total flavonoids than Fantastico or Femminello. Total phenolics 
in bergamot juice ranged between 0.81 and 1.35 mg/mL, Fantastico 
cultivar presents the highest value (1.35 mg/mL), while Femminello 
had the lowest value (0.81 mg/mL). 
Flavanones are the major flavonoid in bergamot juice. Five flava-
nones: narirutin, naringin, hesperidin, neohesperedin and melitidin 
were identified in Castagnaro, Fantastico and Femminello juices. 
Tab. 5 shows that, of the five flavanones, naringin and neohesperedin 
were the most abundant in all cultivars. This agrees with the litera-
ture, which report that the most abundant components in bergamot 
juices are naringin, neoeriocitrin and neohesperedin (gionFriddo 
et al., 1996;  Kawaii  et al., 2004; dugo et al., 2005; gattuso 
et al., 2006; nogata et al., 2006). gattuso et al., 2007 in a similar 
study, found that the cultivar with the greatest antioxidant activity 
was Femminello, followed by Castagnaro, and lastly Fantastico. 
These results differ from those found in the present study, where the 
greatest antioxidant activity was found in Castagnaro, followed by 
Fantastico and then finally by Femminello. These differences might 
be due to a number of factors, including the area from which the 
fruits were harvested, the age of the trees from which the fruits were 
chosen, the degree of ripeness at the time of harvest, the climatic 
conditions during the harvest year, agricultural treatments that the 
trees had undergone, and the storage of the fruits after harvesting.
The concentration of flavanones was higher in Castagnaro juice 
compared to Fantastico and Femminello. 
The flavones identified in all bergamot juices were rutin and 
diosmetin 6,8-glycoside. Fantastico bergamot juice contained more 
flavone compounds than Castagnaro and Femminello. The major 
flavone was diosmetin 6,8-glycoside in all cultivars. The lowest 
concentration was detected in the Femminello (313.4 mg/L), while 
the highest was detected in the Fantastico (424.6 mg/L).
Flavanone glycosides account for 95% of total flavonoids present in 
bergamot juice, while flavones can be found in the remaining 5%.
Reactive oxygen species (ROS) are closely connected to many 
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pathological conditions such as inflammation, tumours, cardiovas-
cular disease, cerebral ischemia and diabetes. DPPH· and ABTS· are 
stable free radicals, which have been widely accepted as a tool for 
estimating free radical scavenging activities of antioxidants (Krish-
naiah et al., 2010). Both colorimetric methods are based on the pro-
oxidant capacity of free radicals towards easily oxidizable substrates. 
Both methods are direct, stable, easily reproduced and widely used 
to determine total antioxidant activity on vegetable matrices.
All samples exhibited a radical scavenging activity against both 
radicals in a concentration-dependent manner (Tab. 6).
tential of bergamot juice has been previously investigated by trova-
to et al., 2010, who found a noticeable effect on scavenging DPPH 
radicals with IC50 value of 25.01 mL. 
Conclusion
The results of this study indicate the main chemical parameters 
content of the cultivars (Castagnaro, Fantastico and Femminello) of 
bergamot fruit. 
Bergamot juice contains several different compounds that can exert 
beneficial effects on human health. The aim of this study was to 
evaluate the qualitative and quantitative composition of a bergamot 
juice obtained from fruit of different cultivars harvested in province 
of Reggio Calabria (Southern Italy). 
Significant differences regarding the chemical composition, nutri-
tional value, and antioxidant activities among the bergamot cultivars 
were observed.
From the values obtained, it can be seen that Castagnaro shows a 
higher content of bioactive compounds and a greater antioxidant 
activity compared to the other two cultivars. These results may de-
pend on the condition and treatment of the trees at the time the fruits 
used in the experiment were harvested. 
Bergamot juice can be considered to be a good dietary source 
of nutrients and antioxidant compounds, especially flavonoids, 
anthocyanins and polyphenols. The correlation analysis indicated 
that total polyphenols contribute significantly to the antioxidant ac-
tivity. The results indicated that bergamot juice has the potential to 
be further developed into a nutritionally interesting raw material for 
food and beverage applications. In particular, the Castagnaro cultivar 
showed a considerably high nutritive value and antioxidant activity 
and could be chosen for functional food development that benefits 
human health.
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